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[Title of the Invention] LIQUID CRYSTAL PANEL, LIQUID 

CRYSTAL PANEL MANUFACTURING METHOD, AND LIQUID CRYSTAL 
PANEL DRIVING METHOD 

[Abstract] 

[Object] There is provided a liquid crystal display panel 
having good display quality, removing a display defect due 
to non-uniform injection of the liquid crystal display panel 
[Solving Means] With a protrusion arranged as an obstacle 
flowing of a liquid crystal material supplied when the 
liquid crystal layer is formed is controlled, so that non- 
uniform injection is suppressed. In other words, the liquid 
crystal display panel of the present invention includes: a 
first substrate having a color filter; a second substrate 
having a predetermined gap therebetween and arranged to face 
the first substrate; a liquid crystal layer interposed 
between the first and second substrates; and a plurality of 
electrodes for applying a voltage to the liquid crystal 
layer; and at least one of first and second substrates 
includes a protrusion portion for controlling a flow of 
liquid crystal material supplied when forming the liquid 
crystal layer on a surface facing the other substrate. 

[Claims] 

[Claim 1] A liquid crystal display panel comprising: 
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a first substrate having a color filter; 

a second substrate having a predetermined gap 
therebetween and arranged to face the first substrate; 

a liquid crystal layer interposed between the first and 
second substrates; and 

a plurality of electrodes for applying a voltage to the 
liquid crystal layer; 

wherein at least one of first and second substrates 
includes a protrusion portion for controlling a flow of 
liquid crystal material supplied when forming the liquid 
crystal layer on a surface facing the other substrate. 

[Claim 2] The liquid crystal display panel according to 
Claim 1, 

wherein the liquid crystal layer leaves an opening as 
an injecting port, and is formed by injecting a liquid 
crystal material into an empty panel configured such that 
the first and second substrates bonds with each other at a 
peripheral portion thereof; and 

wherein the protrusion portion is arranged such that a 
cross sectional area of a flowing path of the liquid crystal 
material flowing into the empty panel through the injecting 
port is smaller than an area of the injecting port. 

[Claim 3] The liquid crystal display panel according to 
Claim 2, 

wherein the protrusion portion has a wall perpendicular 
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to a flowing direction of the liquid crystal material 
flowing into the empty panel. 

[Claim 4] The liquid crystal display panel according to 
Claim 2, 

wherein a height of the protrusion portion is more than 

1pm. 

[Claim 5] The liquid crystal display panel according to 
Claim 2, 

wherein a length of the protrusion portion is more than 

1 mm. 

[Claim 6] The liquid crystal display panel according to 
Claim 1, 

wherein the protrusion portion is formed on the first 
substrate, and is made of the same material as the color 
filter. 

[Claim 7] The liquid crystal display panel according to 
Claim 1, 

wherein the first or second substrate has a plurality 
of regions having different distribution densities of the 
protrusion portion. 

[Claim 8] The liquid crystal display panel according to 
Claim 7, 

wherein the liquid crystal layer leaves an opening as 
an injecting port, and is formed by injecting a liquid 
crystal material into an empty panel configured such that 
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the first and second substrates bonds with each other at a 
peripheral portion thereof; and 

wherein the protrusion portion is arranged at a region 
around the injecting port in a higher distribution density 
than other regions . 

[Claim 9] The liquid crystal display panel according to 
Claim 7, 

wherein the region is divided into a plurality of 
concentric circles, and 

wherein the distribution density of the protrusion 
portion is reduced step by step, from a region inside a 
circle having a smallest diameter to a region divided into a 
circle having a larger diameter. 

[Claim 10] The liquid crystal display panel according to 
Claim 7, 

wherein the distribution density of the protrusion 
portion in the peripheral portion of the substrate is higher 
than the distribution density of the protrusion portion in a 
central portion of the substrate. 

[Claim 11] The liquid crystal display panel according to 
Claim 1, 

wherein a height of the protrusion portion is the same 
as a gap between the first and second substrates. 

[Claim 12] The liquid crystal display panel according to 
Claim 1, 
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wherein the protrusion portion serves to remove ion 
dopants included in the liquid crystal layer. 

[Claim 13] The liquid crystal display panel according to 
Claim 12, 

wherein the protrusion portion includes at least one 
selected from a group consisting of A1 2 0 3 , Ti0 2 , porous glass, 
porous silicon and ion exchange resin. 

[Claim 14] The liquid crystal display panel according to 
Claim 12, 

wherein the protrusion portion electrically absorbs the 
ion dopants. 

[Claim 15] The liquid crystal display panel according to 
Claim 14, 

wherein the protrusion portion is conductive, and 
electrically connected to the electrode. 

[Claim 16] The liquid crystal display panel according to 
Claim 15, 

wherein the protrusion portion includes a carbon 
particle or a polythiophen . 

[Claim 17] The liquid crystal display panel according to 
Claim 12, 

wherein the first or second substrate includes a 
charged portion for pulling the ion dopant, and 

wherein the protrusion portion is arranged around the 
charged portion. 
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[Claim 18] The liquid crystal display panel according to 
Claim 17, 

wherein the charge portion is formed by removing a 
dielectric layer that covers a surface of a portion 
electrically connected to the electrode. 

[Claim 19] The liquid crystal display panel according to 
Claim 12, 

wherein the protrusion portion is connected to the 
electrode directly or through an alignment layer. 

[Claim 20] The liquid crystal display panel according to 
Claim 12, 

wherein a distance between the protrusion portion and 
the electrode is less than 10 urn. 

[Claim 21] The liquid crystal display panel according to 
Claim 12, 

wherein the protrusion portion has concaves and 
convexes on a surface. 

[Claim 22] The liquid crystal display panel according to 
Claim 21, 

wherein heights of the concaves and convexes are in a 
range of 0.01 urn to 5 urn. 

[Claim 23] The liquid crystal display panel according to 
Claim 1, 

wherein the protrusion portion is arranged on a non- 
display region. 
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[Claim 24] A liquid crystal display panel comprising: 
a first substrate having a color filter; 
a second substrate having a predetermined gap 
therebetween and arranged to face the first substrate; 

a liquid crystal layer interposed between the first and 
second substrates; 

a plurality of electrodes for applying a voltage to the 
liquid crystal layer; and 

a conductive protrusion portion arranged on a surface 
facing the liquid crystal layer of the first or second 
substrate and electrically connected to the electrode. 
[Claim 25] A liquid crystal display panel comprising: 
a first substrate having a color filter; 
a second substrate having a predetermined gap 
therebetween and arranged to face the first substrate; 

a liquid crystal layer interposed between the first and 
second substrates; 

a plurality of electrodes for applying a voltage to the 
liquid crystal layer; 

a charged portion arranged on a surface facing the 
liquid crystal layer of the first or second substrate; 

a protrusion portion arranged adjacent to the charged 
portion and having an ion absorption capability. 

[Claim 26] A liquid crystal display panel manufacturing 
method, the liquid crystal display panel having a first 
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substrate having a color filter; a second substrate having a 
predetermined gap therebetween and arranged to face the 
first substrate; a liquid crystal layer interposed between 
the first and second substrates; and a plurality of 
electrodes for applying a voltage to the liquid crystal 
layer, the method comprising: 

cleansing the protrusion portion to remove ion dopants 
included in the protrusion portion. 

[Claim 27] The liquid crystal display panel 
manufacturing method according to Claim 26, 

wherein the ion dopants are removed through acid 
cleansing or alkali cleansing. 

[Claim 28] The liquid crystal display panel 
manufacturing method according to Claim 26, 

wherein the ion dopants are removed through alcohol 
cleansing or pure water cleansing. 

[Claim 29] A liquid crystal display panel manufacturing 
method, the liquid crystal display panel having a first 
substrate having a color filter; a second substrate having a 
predetermined gap therebetween and arranged to face the 
first substrate; a liquid crystal layer interposed between 
the first and second substrates; a plurality of electrodes 
for applying a voltage to the liquid crystal layer; and a 
conductive protrusion portion arranged on a surface facing 
the liquid crystal layer of the first or second substrate 
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and electrically connected to the electrode, the method 
comprising : 

after forming the liquid crystal layer, applying a 
voltage higher than an operating voltage to the electrode to 
absorb ion dopants included in the liquid crystal layer to 
the protrusion portion. 

[Claim 30] A liquid crystal display panel manufacturing 
method, the liquid crystal display panel having a first 
substrate having a color filter; a second substrate having a 
predetermined gap therebetween and arranged to face the 
first substrate; a liquid crystal layer interposed between 
the first and second substrates; a plurality of electrodes 
for applying a voltage to the liquid crystal layer; a charge 
portion arranged on a surface facing the liquid crystal 
layer of the first or second substrate; and a protrusion 
portion arranged around the charged portion and having an 
ion absorption capability, the method comprising: 

cleansing the protrusion portion to remove ion dopants 
included in the protrusion portion. 

[Claim 31] The liquid crystal display panel 
manufacturing method according to Claim 30, 

wherein the ion dopants are removed through acid 
cleansing or alkali cleansing. 

[Claim 32] The liquid crystal display panel 
manufacturing method according to Claim 30, 
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wherein the ion dopants are removed through alcohol 
cleansing or pure water cleansing. 

[Claim 33] A liquid crystal display panel manufacturing 
method, the liquid crystal display panel having a first 
substrate having a color filter; a second substrate having a 
predetermined gap therebetween and arranged to face the 
first substrate; a liquid crystal layer interposed between 
the first and second substrates; a plurality of electrodes 
for applying a voltage to the liquid crystal layer; a charge 
portion arranged on a surface facing the liquid crystal 
layer of the first or second substrate; and a protrusion 
portion arranged around the charged portion and having an 
ion absorption capability, the method comprising: 

after forming the liquid crystal layer, charging the 
charged portion to absorb ion dopants included in the liquid 
crystal layer. 

[Claim 34] A liquid crystal display panel driving method, 
the liquid crystal display panel having a first substrate 
having a color filter; a second substrate having a 
predetermined gap therebetween and arranged to face the 
first substrate; a liquid crystal layer interposed between 
the first and second substrates; a plurality of electrodes 
and gate lines for applying a voltage to the liquid crystal 
layer; and a conductive protrusion portion arranged on a 
surface facing the liquid crystal layer of the first or 
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second substrate and electrically connected to the electrode, 
the method comprising: 

from applying a power to the liquid crystal display 
panel to performing as a display mode, applying a voltage 
higher than an operating voltage to the electrode to absorb 
ion dopants included in the liquid crystal layer. 

[Claim 35] A liquid crystal display panel driving method, 
the liquid crystal display panel having a first substrate 
having a color filter; a second substrate having a 
predetermined gap therebetween and arranged to face the 
first substrate; a liquid crystal layer interposed between 
the first and second substrates; a plurality of electrodes 
for applying a voltage to the liquid crystal layer; a charge 
portion arranged on a surface facing the liquid crystal 
layer of the first or second substrate; and a protrusion 
portion arranged around the charge portion and having an ion 
absorption capability, the method comprising: 

from applying a power to the liquid crystal display 
panel to performing as a display mode, charging the charge 
portion to absorb ion dopants included in the liquid crystal 
layer to the protrusion portion. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 
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The present invention relates to a liquid crystal 
display panel for use in a liquid crystal display device, an 
optical shutter, and the like, and in particular, an active 
matrix type liquid crystal display panel, and more 
specifically, to improvement in removing display defects 
thereof . 

[0002] 

[Description of the Related Art] 

The conventional liquid crystal display panel has been 
widely used in a wrist clock, an electronic desk calculator, 
a personal computer, a word processor, and the like due to 
its merits such as thin and light weight apparatus 
implementation, and a low voltage driving. Recently, with 
development of a personal computer, and particularly, there 
is an increasing demand for an active matrix type liquid 
crystal display panel. 
[0003] 

An operation mode of the liquid crystal panel includes 
a vertically alignment type that uses a vertical electric 
field, and an in-plane switching type (hereinafter, referred 
to as an IPS type) that uses a horizontal electric field. 
An arrangement of a liquid crystal display panel of a 
twisted nematic type (hereinafter, referred to as a TN type) 
representing the vertically alignment type is shown in Figs. 
12a and 12b. The TN type liquid crystal display panel 
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includes an array substrate 1 having a source line 12, a 
gate line 11, a source electrode 14, and an active element 
13, and a color filter substrate 2 having a color filter 19, 
a black matrix 16 that forms a light shielding portion, a 
color filter 19, and a counter 15. The pixel electrode 14 
and the counter electrode 15 are all made of indium tin 
oxide. On the array substrate 1 and the color filter 
substrate 2, an alignment layer 17 made of polyimide is 
arranged on a surface contacting with the liquid crystal 
layer 7, respectively. A thickness of the liquid crystal 
layer 7 (hereinafter, referred to as a cell gap) is 
uniformly maintained using a spacer 22 arranged between two 
substrates . 

[0004] 

In addition, the IPS type liquid crystal display panel 
is shown in Figs. 13a and 13b. For the IPS type liquid 
crystal display panel, unlike the TN type in terms of an 
electrode construction, the counter electrode 15 is arranged 
on an array substrate 1 having a pixel electrode 14 arranged 
thereon. Thus, an electric field in the horizontal 
direction is formed on the liquid crystal layer 7 in Figs. 
13a and 13b. 

[0005] 

The liquid crystal display panel is not limited to the 
above-mentioned TN type and the IPS type liquid crystal 



200i-183683.doc - 14 - 

display panel, and includes a pair of substrates and a 
liquid crystal layer 7 formed therebetween. An example 
method of forming the liquid crystal layer 7 between two 
substrates includes a vacuum injection method and a dropping 
injection method. 

[0006] 

For the vacuum injection method, a liquid crystal 
material is injected between two substrate by contacting a 
pair of substrates that overlap by a predetermined gap, 
leave an opening as an injecting port with a peripheral 
portion bonded with each other (hereinafter, referred to as 
an empty panel) , to a liquid crystal material under a 
reduced pressure atmosphere, and then, turning back an 
ambient to a normal pressure. The empty panel is 
manufactured by scattering spacers to retain a cell gap on 
one substrate of the pair of substrate having an alignment 
layer formed on the surface and performed in a rubbing 
processing, coating a sealing material on the peripheral 
portion of the other substrate, and then boding two 
substrates to cure the seal. After injecting the liquid 
crystal material into the empty panel, an encapsulating 
material is coated on the injecting port and cured by 
illuminating UV. Next, a polarization plate is attached to 
both substrates to obtain the liquid crystal display panel. 



2001-183683.doc 



- 15 - 



[0007] 

For the dropping injection method, a substrate having 
spacers scattered thereon and the other substrate having the 
liquid crystal material dropped thereon from several 
syringes are bonded under the normal pressure, or under a 
reduced press ambient followed by the normal pressure 
ambient. As described above, according to the prior art, 
the liquid crystal material is dispersed radially from the 
injecting port or the dropping position to the overall panel. 

[0008] 

In the conventional panel, for the liquid crystal 
injection process, defects referred to as, so-called non- 
uniform injection are generated along a direction in which 
the liquid crystal material flows. It is appreciated that 
ion dopants included in the ion dopants mixed at the time of 
injecting the liquid crystal material or the ion dopants 
included in the liquid crystal material itself are generated 
since they are trapped at an interface between an alignment 
layer and a liquid crystal layer. In addition, around the 
injecting port, defects are also generated in that ion 
dopants as a non-cured element used for the sealing material 
are emitted into the liquid crystal material. The portion 
where the ion dopants are trapped and thus the ions are not 
uniformly distributed has a degraded voltage retention ratio 
at the time of driving the panel, so that it does not have 
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the same display as the remaining portions. 
[0009] 

In addition, for the TN type liquid crystal display 
device, which is the active matrix type, ions may be 
generated by backlight illumination, and thus the ions may 
give a bad effect on display. For the IPS type liquid 
crystal display, there is another display defects generated 
due to the construction. For example, a pinhole problem is 
an example thereof. In the IPS type panel, all wirings such 
as a pixel electrode, a counter electrode, a source line, 
and a gate line are covered with a dielectric layer such as 
Si0 2 or SiN x . Due to debris and the like, when the pinhole, 
i.e., a portion where the dielectric layer is broken down 
and the electrode is directly exposed to the liquid crystal 
layer, is generated, the portion has display defects for the 
high temperature operation. For example, when the pinhole 
is formed on the gate line, the potential of the gate line 
is in a negative electrode for the most part, so that the 
ion dopants in the liquid crystal layer are collected at the 
pinhole portion and thus the display defect is generated. 

[0010] 

For the liquid crystal display panel for use in the 
vertical electric field such as the TN type and OCB type, 
and active matrix type liquid crystal display panel 
including the liquid crystal display panel for use in the 
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horizontal electric field such as the IPS type liquid 
crystal display panel, it is particularly important to have 
a good voltage retention ratio in obtaining the display. In 
particular, the IPS type liquid crystal display panel is a 
display mode where the liquid crystal around the interface 
is more attributable, so that it is easily affected to the 
ions absorbed around the interface. Once these ion dopants 
are mixed into the panel, it is impossible to remove them to 
the outside, and becomes a factor to decrease the throughput 
of the panel. Therefore, in the liquid crystal display 
panel manufacturing process, it is necessary to 
significantly remove the effect of the ion defects. 
[0011] 

Therefore, various methods are proposed in order to 
prevent the ion dopants from being mixed to the liquid 
crystal layer, or remove the mixed dopants. Japanese 
Unexamined Patent Application Publication No. 7-175073 
discloses a method of arranging a defect absorbent around 
the filling port. In the above publication, in order to 
prevent the ionic material or a low molecular weight 
material from infiltrating into the liquid crystal layer, 
arranging the absorbent made of aluminum oxide coating layer 
on the substrate surface around the liquid crystal filling 
port is proposed, or arranging the pillar shaped body is 
arranged to divide the filling port and placing the same 
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absorbent on the surface is also proposed. 
[0012] 

In Japanese Unexamined Patent Application Publication 
No. 6-110064 discloses a proposal to disperse miniscule made 
of ion absorbing material in the liquid crystal layer, or a 
proposal to use a spacer made of ion absorbing material, in 
order to remove ion dopants infiltrated into the liquid 
crystal layer. In any of these prior arts, the effect on, 
so-called, the non-uniform injection cannot be expected. 

[0013] 

[Problems to be Solved by the Invention] 

The present invention is contrived to solve the above 
problems, and an object of the present invention is to 
provide a liquid crystal panel having a less display non- 
uniformity due to non-uniform injection. In addition, 
another object of the present invention is to provide a 
liquid crystal display panel capable of suppressing non- 
uniform display due to other factors and performing a better 
display. 

[0014] 

According to the present invention, a protrusion is 
arranged as an obstacle when the liquid crystal layer is 
formed, and thus liquid crystal flowing is controlled and 
non-uniform injection is suppressed. An aspect of the 
present invention provides a liquid crystal display panel 
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comprising: a first substrate having a color filter; a 
second substrate having a predetermined gap therebetween and 
arranged to face the first substrate; a liquid crystal layer 
interposed between the first and second substrates; and a 
plurality of electrodes for applying a voltage to the liquid 
crystal layer. Here at least one of first and second 
substrates may include a protrusion portion for controlling 
a flow of liquid crystal material supplied when forming the 
liquid crystal layer on a surface facing the other substrate, 
[0015] 

For the vacuum injection method, the protrusion portion 
is arranged around the injecting port. With the protrusion 
portion, a flowing path of the injected liquid crystal 
material is reduced, so that flowing rate is lowered and 
flowing can be dispersed since a so-called turbulence is 
generated. With this, the ion dopants included in the 
liquid crystal material is more uniformly distributed, so 
that the effect of display defect is reduced. In addition, 
since the flowing rate is lowered due to the obstacle, an 
alignment layer is trapped before ion dopants reach the 
region where the electrode is formed, and as a result, the 
display defect can be prevented. 

[0016] 

To relieve a rapid flowing of the liquid crystal 
material, it is more effective that the protrusion portion 
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has a wall perpendicular to the flowing direction of the 
injected liquid crystal material. A plurality of protrusion 
portions may be formed. In the present invention, a large 
protrusion portion throughout several pixels and a small 
protrusion portion smaller than a first pixel can be used. 
Preferably, a height of the protrusion portion is more than 
1 pm, and a length thereof is more than 1 mm. In addition, 
the protrusion portion is not limited to a rectangular 
parallel-piped; but may be a cylinder, a cone, a truncated 
cone, a polygonal pyramid, and other shapes. 
[0017] 

The protrusion portion is arranged on at least one of 
the array substrate and the counter substrate. When the 
protrusion portion is formed on the counter substrate, it is 
preferably formed along with the color filter using the 
known method (e.g., photolithography, a pigment dispersion 
method, a print method, an inkjet method, an electro- 
deposition method, and a dying method) using the material 
such as a color filter, in which a new process need not be 
added. In addition, in order to form the protrusion portion 
in a desired height, color filter materials having different 
two or three colors overlap, or a black matrix (light 
shielding layer) and a color filter overlap. 

[0018] 

When the protrusion portion is formed on the array 
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substrate, it is preferable that the protrusion portion is 
formed along with a material such as, for example, a 
dielectric layer or an electrode. In addition, the 
protrusion portion may be formed after a rubbing process to 
the alignment layer. The protrusion portions are 
advantageously arranged on a plurality of regions where a 
distribution density of the protrusion portion is different 
from each other. In the vacuum injection method, the 
protrusion portion is arranged in a distribution density 
higher than other regions. 
[0019] 

For the dropping method, the liquid crystal material is 
radially diffused from dropped positions, and thus, for 
example, a plurality of regions divided into concentric 
circles is arranged such that a distribution density of the 
protrusion portion is established for each region. By 
setting the distribution density of the protrusion portion 
of the inside region having the smallest diameter, the 
distribution density of the protrusion portion is reduced 
step by step, from a region inside a circle having a 
smallest diameter to a region divided into a circle having a 
larger diameter. 

[0020] 

In addition, an example factor to cause non-uniformity 
includes emission from the sealing material arranged at a 
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peripheral portion of the panel. Therefore, with the 
distribution density of the protrusion portion in the 
peripheral portion of the substrate being higher than the 
distribution density of the protrusion portion in a central 
portion of the substrate, a speed of contacting the sealing 
material with the liquid crystal display at the time of 
injecting the liquid crystal material is reduced, and thus 
the emission is suppressed. By matching height of the 
protrusion portion to a gap between the first and second 
substrates, the protrusion portion can serve as a spacer. 
[0021] 

The conventionally used spherical or fabric shaped 
spacers are dispersed in an undefined place on the substrate, 
so that the contrast of the display is affected. With 
respect to this, when the protrusion arranged in advance at 
the established position is used as a spacer, the image 
quality is improved since the display defect due to the non- 
uniform injection can be solved and the contrast can be 
improved . 

[0022] 

In addition, when the protrusion portion also serves to 
remove ion dopants included in the liquid crystal layer, the 
display defect can be effectively reduced. The protrusion 
portion includes a material serving to physically or 
chemically remove ion dopants, for example, A1 2 0 3/ Ti0 2 , 
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porous glass, porous silicon and ion exchange resin. In 
addition, a protrusion portion having a surface coated with 
the above method may be used. 
[0023] 

It is also advantageous that the ion dopants are 
electrically adsorbed with the protrusion portion. For 
example, using a conductive protrusion portion, the 
protrusion portion is electrically connected to the pixel 
electrode or the counter electrode. The conductive 
protrusion portion may include a resin dispersed with a 
conductive material such as carbon, a conductive resin such 
as polythiophen, or metal. Here, the protrusion made of a 
non-conducting body having a surface coated with a conductor 
can be used. In addition to forming the protrusion portion 
directly on the electrode, the protrusion portion may be 
formed on an alignment layer that covers the electrode. 

[0024] 

In addition to a method of absorbing ion dopants 
directly on the protrusion portion as described above, the 
charge portion other than the protrusion portion is arranged, 
and the protrusion portion having ion absorption capability 
may be arranged adjacent thereto. The charged portion is 
formed by, for example, removing a dielectric layer that 
covers a surface of the portion electrically connected to 
the electrode. For the physical and chemical absorption as 
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well, the protrusion portion is preferably connected to the 
electrode directly or through the alignment layer. When the 
ion dopants induced by the protrusion arranged around the 
electrode at the time of applying the voltage are absorbed, 
the ion dopants can be more effectively removed. When the 
protrusion portion is arranged at the position separated 
from the electrode, a distance between the protrusion 
portion and the electrode is determined to be less than 10 
um. 

[0025] 

Convexes and concaves are arranged on a surface of the 
protrusion portion to increase the surface area, so that the 
ion dopants can be more effectively removed. Preferably, a 
difference of heights of the convexes and concaves is in a 
range of 0.01 um to 5 pm, and more preferably, in a range of 
0.01 p to 1 um. The protrusion portion as described above 
can be formed through the known technology at the 
predetermined places. Therefore, by arranging the 
protrusion portion in a non-display region, the effect on 
the display can be removed. 

[0026] 

In the present invention, any type of liquid crystal 
material such as a nematic liquid crystal, a ferroelectric 
liquid crystal, and a semi-ferroelectric liquid crystal may 
be used. Either operation mode of a vertically alignment 
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method and an in-plane switching using a horizontal electric 
field may be used as a liquid crystal display panel. 
[0027] 

In addition, a liquid crystal display panel using a 
three terminal device, i.e., TFT, a two terminal device, 
i.e., MIM (metal-insulator-metal), ZnO barrister, SiNx diode, 
and a-Si diode, as an active element, or alternatively a 
passive type liquid crystal display panel such as TN or STN 
and the like may be used. The substrate may use a glass 
plate, a resin film, a resin plate, and the like. 

[0028] 

When the reflection type liquid crystal display panel 
is used, the present invention may use colored dielectric 
layer or colored aligned layer. In addition, when a method 
of forming an alignment layer not using the rubbing (e.g., a 
method of forming the alignment layer by light) is used, the 
more uniform alignment can be obtained, so that the better 
contrast is provided. 

[0029] 

In a liquid crystal display panel manufacturing method 
of the present invention, while manufacturing the liquid 
crystal display panel, cleansing the protrusion portion to 
remove ion dopants therein is prepared. In the cleansing 
step, for example, ion dopants are removed in acid cleansing 
or alkali cleansing. In addition, ion dopants may be 
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removed in alcohol cleansing or pure water cleansing. 
[0030] 

In another liquid crystal display panel manufacturing 
method of the present invention, for the manufacturing of 
the liquid crystal display panel including a protrusion 
portion having the above-mentioned ion absorption capability, 
applying a voltage higher than an operating voltage to an 
electrode or charging a charge portion, after forming the 
liquid crystal layer, the ion dopants included in the liquid 
crystal layer are absorbed on the protrusion portion. In 
addition, when the same process is established at the time 
of using the liquid crystal display panel, for example, from 
applying a power to the liquid crystal display panel to 
performing in a display mode, the display defect is 
effectively suppressed. 

[0031] 
[Embodiments] 

Preferred embodiments of the present invention will now 
be described in detail with reference to the accompanying 
drawings . 

[0032] 

[First Embodiment] 

In the present embodiment, a preferred example for 
suppressing, so-called, non-uniform injection is described. 
A liquid crystal display panel of the present embodiment is 
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shown in Figs, la and lb. As shown in Fig. lb, a counter 
electrode 2 includes a protrusion portion 6 at a height of 3 
urn, and a width of 6 mm, in a position of 3 mm from the 
injecting port 10. When a color filter (not shown) is 
formed on the counter substrate 2, the protrusion portion 6 
is formed using the same material. In the present 
embodiment, each color filter including red, green and blue 
is formed through photolithography using an acrylic based 
thermosetting resin into which respective pigments are 
dispersed. In the present embodiment, the protrusion 
portion 6 includes two layers formed when respective color 
filter are formed. Like this, by using the protrusion 
portion 6 made of the same material as the color filter, the 
protrusion portion can be formed at the same time with the 
color filter, and thus a new step will not be needed to form 
the protrusion portion 6. 
[0033] 

In the present embodiment, using the counter substrate 
2 having the protrusion portion 6, the liquid crystal 
display panel was manufacturing as described below. On a 
surface of the substrate 1 having electrodes and wirings 
(not shown) formed thereon, and a surface of the counter 
substrate 2 having a protrusion portion 6 and a color filter 
(not shown) formed as described above, a solution type 
polyimide (SE7992: manufactured from Nissan Chemical 
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Industries, Ltd.) is coated, and a polyimide layer is formed 
after annealing at 80" for 1 minutes, followed by annealing 
at 220.: for 1 hour in order to perform preliminary curing. 
[0034] 

In order to align the liquid crystal on the polyimide 
layer in a specific direction, a rubbing processing that 
rubs the cloth in one direction is processed to form the 
alignment layer, and then, the substrates 1 and 2 are 
cleansed. Next, a sealing material 3 (Stract Bond: 
manufactured from Mitsui Toatsu Chemicals, Inc.) was left at 
a portion to be the injection port 10, as shown in Fig. la, 
and coated on the peripheral of the counter substrate 2 
through printing. In addition, a glass fiber of 5.0 pm<p 
(manufactured from Nippon Electric Glass, not shown) was 
mixed in advance into the sealing material as a spacer. 
Next, to have the cell gap, resin balls (Eposter: GP-HC: 
Nippon Shokubai Co., Ltd.) having a diameter of 5.0 jam were 
scattered as the spacers (not shown) in a display region. 

[0035] 

Next, in order to electrically connect the array 
substrate 1 to the counter substrate 2, a conductive paste 5 
is coated on the substrate end, and then, the substrates 1 
and 2 are bonded. The substrate 1 and 2 are heated at 150 ; 
for 2 hours to cure the sealing material 3, and thus an 
empty panel is obtained. A liquid crystal material (MT5087 : 
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manufactured from Chisso Corporation) was injected into the 
obtained empty panel through a vacuum injection method. In 
other words, under the reduced pressure ambient , the 
injecting port 10 of the empty panel contacts with the 
liquid crystal material, and then, the ambient returns to 
the normal pressure, so that the material is injected into 
the panel. After forming the liquid crystal layer 7 by 
injecting the liquid crystal material, a thermosetting resin 
(Loctite 352A: manufactured from Loctite Japan Corporation) 
was coated into the injecting port 10 on the entire 
injecting port 10 as the encapsulating material 4, and light 
was illuminated for 5 minutes in 10 mW/cm 2 for 5 minutes. 
[0036] 

A planarization plate (NPF-HEG14 2 5DU : manufactured from 
Nitto Denko Corporation) was attached to an outer surface of 
the substrate 1 and 2, respectively, so that liquid crystal 
display panel was obtained. The obtained panel was 
configured as a module and driven, and the display defect 
due to the non-uniform injection was not observed. 

[0037] 

In addition, as shown in Figs. 2a and 2b, the liquid 
crystal display panel having the protrusion portion 6 formed 
thereon was manufactured around the injecting port in the 
same pattern, using the sealing material. The protrusion 
portion 6 bonds the substrates 1 and 2. In other words, a 
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height of the protrusion portion 6 is equal to the cell gap. 
When the obtained panel was driven, it was observed that 
there is some non-uniformity in the display region 8 at the 
injecting port 10. The non-uniformity was significantly 
observed when the liquid crystal display panel is configured 
as a module, and driven in the low frequency (e.g., 10 Hz) 
rather than in the common driving frequency 60 Hz. From 
this, the non-uniformity is due to an element included in 
the sealing material, for example, an element remaining in 
the empty panel that is volatized in curing, a non-curing 
element of the sealing material, and ion dopants molten in 
the liquid crystal included in the sealing material in 
advance. Therefore, in order to suppress the display 
defects more effectively, it is desirable that the substrate 
having the protrusion portion formed in advance is bonded to 
manufacture the panel, as in the present embodiment. 
[0038] 

In addition, as shown in Fig. 3b, the protrusion 
portion 6 may be formed on the array substrate 1. In this 
case, when a metal layer or a dielectric layer formed in the 
array forming process is processed to form protrusion 
portion 6, a new process will not be needed in forming the 
protrusion portion 6. Of course, as shown in Fig. 4, the 
protrusion portions 8 and 6 may be arranged on the 
substrates 1 and 2, respectively. In addition, as shown in 
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Figs. 5 and 6, when a plurality of protrusion portions 6 are 
arranged, the liquid crystal material flowing into the empty 
panel is more effectively stirred, so that the non-uniform 
injection can be solved. 
[0039] 

In the present embodiment, an example is described in 
which the liquid crystal display panel of the first 
embodiment also has a function to remove ion dopants 
infiltrated into the liquid crystal layer 2. In the present 
embodiment, the protrusion portion 6 is formed using an 
acrylic based thermosetting resin into which aluminum oxide 
powders are dispersed, in the same manner as the first 
embodiment. The aluminum oxide absorbs ion dopants such as 
Na + , so that the protrusion portion 6 removes the ion 
dopants included in the liquid crystal material flowing into 
the empty panel. 

[0040] 

In addition, the absorbent as described above may be 
included in the protrusion portion 6 of the liquid crystal 
display panel shown in the first embodiment. As described 
above, according to the present embodiment, the display 
defects caused by the non-uniform flowing as well as other 
factors such as the pinhole can be reduced, so that the 
liquid crystal display panel having favorable display 
quality is obtained. 
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[0041] 

[Third Embodiment] 

In the present embodiment, an example of manufacturing 
the TN type liquid crystal display panel through a vacuum 
injection method is described. The liquid crystal display 
panel of the present embodiment is shown in Fig. 7. The 
above panel includes the protrusion portion 6 inside the 
injecting port 10 of the empty panel in the same manner as 
the first and second embodiments. The protrusion portion 6 
is formed at the same time with the sealing material 3, and 
has the same function as those in the liquid crystal display 
panel of the first and second embodiments. 

[0042] 

In the present embodiment, in addition, a plurality of 
protrusion portions in a circular truncated cone pillar 
shape (not shown, hereinafter, referred to as a circular 
cylinder protrusion portion) is arranged on the non-display 
region. The circular cylinder protrusion has a height of 
4.0 pm and a diameter of 20 urn. The pillar shaped 
protrusion portions are distributed in different densities 
on a region A contacting with the injecting port 10, a 
region B contacting with the region A, and a region C that 
is a non-display region. The pillar shaped protrusion 
portions are arranged in a ratio such as 1 for region 
corresponding to 1 pixel in the region A, 1 for 4 pixels in 
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the region B, and 1 for 6 pixels in the region C. In other 
words, in the non-display region, when close to the 
injecting port, the pillar shaped protrusion ports are 
arranged more densely. The pillar shaped protrusion portion 
arranged in the non-display region causes the flowing 
resistance to be large at the time of injecting the liquid 
crystal material, and thus a path to the display region 8 
will be longer, as more and more liquid crystal material is 
injected. The injected liquid crystal material passes 
through the region A where the pillar shaped protrusion 
portions are densely arranged, and passes through the 
regions B and C while the progressing in the flowing 
direction is blocked due to the protrusion portions, as 
shown in arrow in Fig, 7. With the above arrangement, the 
ion dopants included in the liquid crystal material at the 
time of injection can be easily trapped to the alignment 
layer of the non-display region. 
[0043] 

In addition, the pillar shaped protrusion portions are 
arranged at a ratio of 1 for the 9 pixels in the display 
region 9. In the present embodiment, both the pillar shaped 
protrusion portions 8 in the display region and the pillar 
shaped protrusion portions 8 in the non-display region have 
heights equal to the cell gap. Like this, by arranging the 
pillar shaped protrusion portions throughout the overall 
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region, the pillar shaped protrusion portion can serve as a 
spacer . 

[0044] 

The pillar shaped protrusion portion is formed, for 
example, using the material for the color filter, in the 
same manner as the protrusion portion of the above 
embodiment. As shown in Figs. 8a and 8b, the pillar shaped 
protrusion portion 18 in the display region is arranged on 
the position corresponding to, for example, a gate line 11 
on the array substrate. The array substrate 1 is made of a 
glass substrate 9 including an active element 13 and a 
transparent pixel electrode 14. An alignment layer made of 
polyimide is formed on a surface facing the liquid crystal 
layer . 

[0045] 

The color filter substrate 2 is made of a glass 
substrate 9 including red, green, and blue color filter (not 
shown) as a pixel portion; a black matrix 16 as a light 
shielding portion; and a transparent counter electrode 15. 
An alignment layer 17 made of polyimide is formed on a 
surface facing the liquid crystal layer 7. The counter 
electrode 15 is interposed between the alignment layer 17 
and the liquid crystal layer 7, and arranged to face the 
pixel electrode on the array substrate 1. The pillar shaped 
protrusion portion 18 is formed on the black matrix 16, 
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which is to be a light shielding portion of the color filter 
substrate 2. 
[0046] 

The liquid crystal display panel of the present 
embodiment is manufactured through the following method, for 
example. First, according to the conventional color filter 
substrate manufacturing method, red, green and blue color 
filters 19 and the black matrix 16 are formed on a surface 
of one side of the glass 9. Next, using a thermosetting 
resin (Optoma NN700: manufactured from JSR) , a layer having 
a thickness of about 4 um is formed through a spin coating 
method. After pre-bake, only a place of the obtained layer 
where the pillar shaped protrusion portion 18 is to be 
formed is exposed to cure the thermosetting resin of the 
corresponding place. After post-bake, the color filter 
substrate 2 is etched, and thus a pattern of the pillar 
shaped protrusion portion is left on the color filter 
substrate 2. In addition, by performing annealing with an 
oven, the pillar shaped protrusion portion 18 is formed. 
Here, a diameter of the formed pillar shaped protrusion 
portion is determined to be 20 um, which is less than 20 um 
of the black matrix 16. 

[0047] 

With the color filter substrate 2 obtained as described 
above, and the array substrate 1 manufactured in a 
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predetermined method, the liquid crystal display panel is 
manufactured. It was estimated by putting the obtained 
panel into a constant temperature tub of 70 , driving it for 
120 hours, and displaying a gray level. Moreover, as a 
comparative example, it was estimated in the same manner by 
manufacturing the protrusion portion and the liquid crystal 
display panel not having the protrusion portion. As a 
result, the non-uniform display was observed in the panel of 
the comparative example, while a favorable display without 
the display defect can be performed in the panel of the 
present embodiment . 
[0048] 

[ Fourth Embodiment ] 

In the present embodiment, an example is described in 
which the liquid crystal display panel of the third 
embodiment has a function to remove the ion dopants 
infiltrated into the liquid crystal layer 2. In the present 
embodiment, using a paste obtained by dispersing aluminum 
oxide miniscule containing Ni into the thermosetting resin 
for use in the third embodiment, the pillar shaped 
protrusion portion 18 is formed in the same manner as the 
third embodiment. The Ni containing aluminum oxide used 
herein is obtained by drying aluminum oxide power that dips 
into nickel acetate solution, oxidizing the aluminum oxide 
power at 230 and reducing it with hydrogen. Aluminum 
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oxide absorbs ion dopants such as Na 4 . In addition, Ni 
facilitates absorbing action of aluminum oxides as catalyst. 
Therefore, the pillar shaped protrusion portion 18 can 
remove the ion dopants contained in the liquid crystal 
material that is to flow into the empty panel. Thus, the 
display defect can be reduced more effectively than in the 
liquid crystal display panel of the third embodiment. 
[0049] 

[Fifth Embodiment] 

In the present embodiment, a display panel manufactured 
by the dropping injection method will be described. 
According to the present invention, as shown in Fig. 9a, 
pillar shaped protrusion portions 18 are formed in different 
densities in circular regions A, B, and C all centering on a 
point the liquid crystal material drops, in the color filter 
substrate 2. The pillar shaped protrusion portion 18 is 
formed in a ratio of 1 for one pixel in the circular region 
A having a radium of 3 cm including a dropping position of 
the liquid crystal material. In the region B surrounding 
the region A and having an outer radius of 6 cm, the pillar 
shaped protrusion portion 18 is formed in a ratio of 1 for 
every three pixels, and in the region C surrounding the 
region B and having an outer radius of 9 cm, the pillar 
shaped protrusion portion 18 is formed in a ratio of 1 for 
every 6 pixel. In addition, in the remaining regions, the 
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pillar shaped protrusion portion 18 is formed in a ratio of 
1 for 9 pixels. In other words, the pillar shaped 
protrusion portions 18 are arranged on the color filter 
substrate 2 such that the distribution density of the pillar 
shaped protrusion portion 18 is highest at the center and is 
reduced step by step, as the region is far from a center. 
In addition, some pillar shaped protrusion portions 18 are 
arranged on the black matrix 16, i.e., the light shielding 
portion, as shown in Fig. 9b. 
[0050] 

The liquid crystal material supplied on the color 
filter substrate 2 spreads the overall panel, while 
gradually reducing a speed centering on the dropping 
position. By arranging the pillar shaped protrusion portion 
18 as an obstacle along a path of the liquid crystal 
material that radially spreads, the progressing direction of 
the liquid crystal material can be changed into the 
peripheral of the pillar shaped protrusion portion 18. In 
other words, while the liquid crystal material spreads over 
the color filter substrate 2, the ion dopants included in 
the liquid crystal material spreads into the liquid crystal 
material, so that the display defect is suppressed. 

[0051] 

In the present embodiment, the display panel is 
manufactured through a dropping injection method as 
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described below. First, the pillar shaped protrusion 
portion 18 is formed using the thermosetting resin as in the 
third embodiment, and in addition, the sealing material 3 is 
coated on the peripheral portion of the color filter 
substrate 2 having an alignment layer (not shown) arranged 
thereon, through screen printing. From three dropping 
syringes arranged in series over the color filter substrate 
2, the liquid crystal materials are dropped toward a center 
point of 3 triple circles shown at the left side of Fig. 9a. 
After supplying the liquid crystal material on the color 
filter substrate 2, the array substrate having electrodes 
formed in advance thereon is arranged to face the color 
filter substrate 2 by the gap of 10 mm, and then, two sheets 
of substrates are aligned. Next, by reducing a pressure in 
the chamber, two substrates are bonded. 
[0052] 

The liquid crystal display panel obtained as described 
above is driven in conjunction with the conventional liquid 
crystal display panel not having the pillar shaped 
protrusion portion 18. While the radially non-uniform 
display is observed from the dropping position of the liquid 
crystal material for the conventional liquid crystal display 
panel, the liquid crystal display panel of the present 
invention can show favorable display. 

[0053] 
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[Sixth Embodiment] 

In the present invention, an example method of 
effectively removing the ion dopants of the liquid crystal 
layer using an electrical reaction will be described. The 
liquid crystal display panel of the present embodiment is 
shown in Figs. 10a and 10b. In the liquid crystal display 
panel of the present embodiment, as shown in Fig. 10b, the 
pillar shaped protrusion portion 18 arranged on the color 
filter substrate 2 is electrically connected to the counter 
electrode 15. In addition, the pillar shaped protrusion 
portion 18 is arranged on the light shielding portion. 

[0054] 

The above-mentioned liquid crystal display panel of the 
present embodiment is manufactured through the following 
method. The counter electrode 15 made of a transparent 
conductor such as ITO is formed on the glass plate 9. Next, 
using a paste obtained by dispersing carbon powers into a 
thermosetting resin {Optoma NN700: manufactured from JSR) , a 
layer having a thickness of about 4 urn is formed on the 
counter electrode 15 through a spin coating method. After 
pre-bake, only a place of the obtained layer where the 
pillar shaped protrusion portion 18 is to be formed is 
exposed to cure the thermosetting resin of the corresponding 
place. After post-bake, the layer is etched and the cured 
resin is left on the glass plate 9. 
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[0055] 

In addition, by performing annealing with an oven, the 
pillar shaped protrusion portion 18 is formed. Here, by 
controlling the temperature of annealing, the curing 
contraction of the pillar shaped protrusion portion can be 
controlled. When dried at high temperature, a crack is 
generated due to a difference of a contraction ratio between 
the surface and the inside of the protrusion portion and 
thus a surface area of the protrusion portion become larger, 
which is more advantageous. However, the resin is 
carbonated, so that it is necessary to dry the protrusion 
portion at the proper temperature using the resin. In 
addition, a diameter of the manufactured pillar shaped 
protrusion portion 18 is 20 pm less than the width (25 um) 
of the black matrix 16. 

[0056] 

Next, the color filter 19 and the black matrix 16 are 
formed on the counter electrode 15 to obtain the color 
filter substrate 2. Using the color filter substrate 2 and 
the array substrate 1 manufactured in advance, the panel is 
manufactured in a predetermined method. Here, as shown in 
Fig. 10b, the array side of the pillar shaped protrusion 
portion 18 is thinner than that of the color filter. As the 
pillar shaped protrusion portion 18 is conductive, when the 
alignment accuracy between the array substrate 1 and the 
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color filter substrate 2 is poor, the electrode between the 
adjacent pixels might be short. Therefore, when a portion 
that contacts with the array side of the pillar shaped 
protrusion portion 18 is made smaller, a strict alignment 
accuracy between the array substrate 1 and the color filter 
substrate 2 can be relieved, so that the short to the pixel 
can be prevented. 
[0057] 

It was estimated by putting the obtained panel into a 
constant temperature tub of 70. , driving it for 120 hours, 
and displaying a gray level. As a result, the non-uniform 
display was not observed in the liquid crystal display panel 
of the present embodiment, and thus favorable display can be 
performed. In addition, after the alignment 17 is formed, 
even when the pillar shaped protrusion portion 18 is formed 
thereon, the pillar shaped protrusion portion 18 and the 
counter 15 are electrically connected, so that the same 
effect as described above can be obtained. 

[0058] 

[ Seventh Embodiment ] 

In the present embodiment, another example method of 
effectively removing the ion dopants in the liquid crystal 
material for a so-called display region, using electrical 
reaction will be described. The liquid crystal display 
panel of the present embodiment is shown in Figs. 11a and lb. 
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This panel is a so-called IPS type, in which the pixel 
electrode 14 and the counter electrode 15 are arranged 
together on the array substrate 1. A storage capacity 
portion 20 is arranged on the array substrate 1 to face the 
gate line 11. The storage capacity portion 20 is 
electrically connected to the pixel electrode 14. In the 
present invention, of the transparent dielectric layer 21, a 
portion formed on an upper surface of the storage capacity 
portion 20 is removed to form the opening. 
[0059] 

Further, for the color filter substrate 2, a conductive 
pillar shaped protrusion portion 18 made of the carbon power 
dispersed resin is formed on the black matrix 16, i.e., the 
light shielding portion, in the same manner as in the sixth 
embodiment. When the array substrate 1 and the color filter 
substrate 2 are bonded, the pillar shaped protrusion portion 
18 is arranged at a position to face the corresponding 
position of an opening 20a arranged at the storage capacity 
portion 20 of the array substrate 1. 

[0060] 

For the liquid crystal display panel of the present 
embodiment manufactured using the above-mentioned array 
substrate 1 and the color filter substrate 2, the opening 
20a and the pillar shaped protrusion portion 18 is 
electrically connected. Here, for the gate line 11, a 
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negative potential is biased and a positive potential is 
relatively applied to the pixel electrode 14. Therefore, 
the pillar shaped protrusion portion 18 electrically 
connected to the pixel electrode 14 acts as a positive 
electrode, and thus is able to accumulate negative ions. 
[0061] 

It was estimated by putting the obtained panel into a 
constant temperature tub of 70: , driving it for 120 hours, 
and displaying a gray level. As a result, the non-uniform 
display was not observed in the liquid crystal display panel 
of the present embodiment, but favorable display can be 
performed. In addition, after the alignment 17 is formed, 
the pillar shaped protrusion portion 18 may be formed 
thereon . 

[0062] 

[Eighth Embodiment] 

In the present embodiment, an example method of 
chemically removing ion dopants in the liquid crystal is 
described. In the present embodiment, an array substrate 
having an opening arranged on the storage capacity portion 
is used in the same manner as in the seventh embodiment. 

[0063] 

Using the paste made of the thermosetting resin into 
which the nickel containing aluminum oxide as used in the 
fourth embodiment, the pillar shaped protrusion portion 18 
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was formed at a position on the color filter substrate 2 
corresponding to the opening 20 arranged in the array 
substrate 1. By doing so, the liquid crystal display panel 
is manufactured using the color filter substrate 2 having 
the pillar shaped protrusion portion 18 formed on the 
surface. For the liquid crystal display panel of the 
present embodiment, the ion dopants electrically induced to 
the opening 20a arranged on the array substrate 1 is trapped 
with the pillar shaped protrusion portion 18. 
[0064] 

In addition, It was estimated by putting the obtained 
panel into a constant temperature tub of 70. ., driving it for 
120 hours, and displaying a gray level. As a result, 
favorable display without the non-uniform display can be 
obtained. Here, the pillar shaped protrusion portions is 
not necessarily arranged to contact with the opening, but 
may be arranged around the opening, so that the ion dopants 
induced can be trapped to the opening, in which the same 
effect can be obtained. 

[0065] 

[Ninth Embodiment] 

In the present embodiment, through the chemical 
reaction, an example method of removing ion dopants in the 
liquid crystal is described. In the present embodiment, an 
array substrate having the opening arranged on the surface 
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of the storage capacity portion is used in the same manner 
as in the seventh embodiment. 
[0066] 

A negative ion exchange resin having ion absorption 
capability is dispersed in the thermosetting resin as 
described above was manufactured. Using the obtained paste, 
the pillar shaped protrusion portion having a height of 4 um 
was formed in the same method as in the above embodiment, 
for a half of the positions on the color filter substrate 
corresponding to the opening arranged on the array substrate. 
The powder containing a positive ion exchange resin was 
dispersed into the thermosetting resin was manufactured in 
the same manner. Using the obtained paste, the pillar 
shaped protrusion portion having a height of 4 um was formed 
on the color filter substrate at the positions the pillar 
shaped protrusion portions are not formed and at the ends 
corresponding to the opening arranged on the array substrate. 

[0067] 

Next, by doing so, a deionization processing was 
performed in which the substrate having the pillar shaped 
protrusion portion as described above is cleansed in the 
order of sulfuric acid, pure water, alcohol, alkali, pure 
water, and alcohol. Using the color filter substrate 
obtained like this, the liquid crystal panel was 
manufactured. It was estimated by putting the obtained 
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panel into a constant temperature tub of 70.", driving it for 
120 hours, and displaying a gray level. As a result, 
favorable display can be obtained in the panel of the 
present embodiment. This is because that the ion dopants 
accumulated in the negative electrode can be trapped at the 
pillar shaped protrusion portion. In addition, the pillar 
shaped portion is not necessarily arranged to contact with 
the opening, but may be arranged around the opening, so that 
the same effect can be obtained. 
[0068] 

[Tenth Embodiment] 

In the present embodiment, a method of manufacturing a 
liquid crystal panel having the above-mentioned ion dopants 
removal capacity will be described. As described in the 
above embodiment, a method of charging the protrusion 
portion to electrically absorb the ion dopants to the 
protrusion portion, or a method of arranging a charging 
portion to electrically draw the ion dopants to absorb the 
ion dopants to the protrusion portion adjacent to the 
charging portion can be performed in a more strict condition 
to achieve the better effect. However, when actually used, 
the voltage applying condition to the protrusion portion or 
the charging portion is restricted by an operating condition 
of the liquid crystal display panel. Therefore, while 
manufacturing products, the above-mentioned ion dopants are 
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removed in advance under the strict condition. 
[0069] 

For a process from liquid crystal injection to the 
product completion, as an ion absorption driving, a high 
voltage of ±30V is applied to the ion absorption portion of 
the overall screen at the frequency of 60 Hz. This ion 
absorption driving is preferably performed at the same time 
with lighting performed before mounting an IC. 

[0070] 

[Eleventh Embodiment] 

The ion absorption driving as described above may be 
advantageously performed at the initial stage of the 
apparatus. At the initial stage of a panel driving, i.e., 
whenever the power is applied, the voltage of +20V and -10V 
is applied to the gate electrode at 60 Hz in a certain time. 
During the ion absorption driving, the backlight does not 
turn on. Next, display is performed through the common 
driving. At the initial stage of the apparatus, ions are 
absorbed for each time of driving, so that favorable display 
without a defect for a long time can be obtained. 
[0071] 
[Effect] 

According to the present invention, display defects of 
a liquid crystal display panel due to a so-called non- 
uniform injection can be suppressed. In addition, other 
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display defect factors due to ion dopants mixed in the 
liquid crystal can be removed. Therefore, a liquid crystal 
display panel having good display characteristics can be 
provided . 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. la is a plan view showing a liquid crystal display 
panel according to an embodiment of the present invention; 
and Fig. lb is a cross sectional view showing an essential 
part of the panel. 
[Fig. 2] 

Fig. 2a is a plan view showing a liquid crystal display 
panel according to another embodiment of the present 
invention; and Fig. 2b is a cross sectional view showing an 
essential part of the panel. 
[Fig. 3] 

Fig. 3 is a cross sectional view showing an essential 
part of the liquid crystal display panel according to still 
another embodiment of the present invention. 

[Fig. 4] 

Fig. 4 is a cross sectional view showing an essential 
part of the liquid crystal display panel according to still 
another embodiment of the present invention. 

[Fig. 5] 
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Fig. 5 is a plan view showing a liquid crystal display 
panel according to still another embodiment of the present 
invention . 

[Fig. 6] 

Fig. 6 is a plan view showing a liquid crystal display 
panel according to still another embodiment of the present 
invention . 

[Fig. 7] 

Fig. 7 is a plan view showing a liquid crystal display 
panel according to still another embodiment of the present 
invention . 

[Fig. 8] 

Fig. 8a is a plan view showing an essential part of a 
liquid crystal display panel according to still another 
embodiment of the present invention, and Fig. 8b is a cross 
sectional view taken along an A-A 1 line of Fig. 8a. 

[Fig. 9] 

Fig. 9a is a plan view showing a color filter substrate 
using a liquid crystal display panel according to still 
another embodiment of the present invention, and Fig. 9b is 
a plan view showing an essential part of the liquid crystal 
display panel. 

[Fig. 10] 

Fig. 10a is a plan view showing an essential part of a 
liquid crystal display panel according to still another 
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embodiment of the present invention, and Fig. 10b is a cross 
sectional view taken along an A-A 1 line of Fig. 10a. 

[Fig. 11] 

Fig. 11a is a plan view showing an essential part of a 
liquid crystal display panel according to still another 
embodiment of the present invention, and Fig. lib is a cross 
sectional view thereof. 

[Fig. 12] 

Fig. 12a is a plan view showing an essential part of a 
vertical electric field type liquid crystal display panel 
according to the prior art, and Fig. 12b is a cross 
sectional view taken along an A-A f line of Fig. 12a. 

[Fig. 13] 

Fig. 13a is a plan view showing an essential part of a 
horizontal electric field type liquid crystal display panel 
according to the prior art, and Fig. 13b is a cross 
sectional view thereof. 

[Reference Numerals] 

1: array substrate 

2: color filter substrate 

3: sealing material 

4: encapsulating material 

5: conductive paste 

6: protrusion portion 

7: liquid crystal layer 
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8: display region 

9: glass plate 

10: injecting port 

11: gate line 

12: source line 

13: active element 

14: pixel electrode 

15: counter electrode 

16: black matrix 

17: alignment layer 

18: pillar shaped protrusion portion 

19: color filter 

20: storage capacity portion 

20a: opening 

21: transparent dielectric layer 

22: spacer 
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« U T fty gfi35-:fc «t tflBroSft^ * ft b ©HS»TE 

rs/£2tt. huE^ssw, HuEfcAPfciMLTME 

^/^;b^^^AT^MI2^ a B B ^O^t7)^®^^Bu 
Ei£AP©Ii«r«fc D fc/JvS < 5 icE^n/ill^Jl 
1 E8WiSA^n/<*.;l/ 0 

[W*«4 ] ME£|2S<D«;*tf I 11 mttlTWB 
#31 2 ESE<D*A*iiv<*;l/o 

!B«©«AS/T*/<*/k 

[§TMcE8] ffiEttAlitf, SAa^LTORflDff^ 

t>{c^^nT^^^n^^/^;l/ic^o B fl^^?iAL 
TJBfffStu iBBEttAPjfiftOWWt, ffe<Dgj«J:D« 
^»*fB*TIttEJ6B«B5tf E* nfc»«J« 7 ElgOffiA 

K»«n*«WcW*T, ME%B«0»«ftlC^»H 
«fc fg < ft £ 7 E«OKAS^^;U. 

<oftmm&t)\ KESteo+^^cfettswE^sBo 

fttt&MiJ; 0 t>&^ffi~&m 7 EKttfiASigvt*'!'. 

SroB«&ligifffc«U«3j» l EKOttAS^/^ 
)K 

**>i&Fmi*tte+*mm*ift*mim \ eko 
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m$«i 5] ttES&Btftf, »«tt«fU fluES 

10 im&m\ 7] i!9E*-*fe«^o»iE*<«nE-f* 
msm 8] nE*m^. HSEttsicftswfcijs 

IIS*«i 9] ME^jBfftf. iS»f fcttEfniiS^ 
LTt»EM*8«snfcfll#E l 2EK<DjffA£^/< 

20 

CmS*^ 2 0 ) i»e%jeas t wOEffiti or«aoaisi^ 1 

0 /i maT"C**B*3fi l 2 Ett^SAS^<^;k 
Ml*52 1 ] ffiE^^tfSffifcMdbfcW^SM* 

1 2 EKOttAS?;'**/!'. 
W**2 2] WEIHIrtO^^OM^O. 0 1/tm- 

5 pm0Kl9fc&£H$3i2 1 EK0«AS^'**;l/o 

UR*E2 3] MES&gfftf. JSiFMBcRtt&ti 

Sft«J:5teE*ft«Br©«K:, ME»--fc«fctf 
0SS0HuE»AHfc:*frRiLfcS5fcE*tu miiemi: 
[»*^2 5] ti^-yj)i2*ffizrzm-<nmfo 

MEffitflSlciEtt L TS2^ tifc Y * y St ^> & 

»-oa«OHIt:«»*JMfc»AJBfc, MEiftAMtcS 
50 oafiOiBEiSAJBic»l^Lfcfl5*cE**i. SHEffii: 



3 

So 

E*fflto**fca©«aaffltti:* B0iaS-*fc«»- 
§£$o B H /lOffMXfI<Q?&Jc, S9I5*«SP*«ttS-ttSc 
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tic* fiaE«ffiBfcsstt*^*:/ttWft£^ 

^rogte^ic^^ti/c^ B B ^^, ™e£o B B jIfc:ii 
E£Pta*5fcfc<DJf MESB-SfcttiB:: 
20 olI^ME^l Icflfol L fcffiKE 5 ttttMSJ t . 

SST<OP4tc, iOE«««»*«^«Sc: £KJ;0, it* 
EttSJl te 3 $ H * yftTOS** *IE*E»fc 

[%wi¥faifcj^j 

[0 0 01] 
[00 0 2] 

40 illc fp ^» T 1 0 fctf 7 ^ r ^ ^ h U ^> xSfflSaS^ / < 

[0 0 0 3] iSa^*;l/©Hlf**-Kk:tt. «?8»«:]H 
Invert ical ly al i gnmen tML 
Mttff&fBk'* In-plane Swiching§!J 

(WT, I P S^ ] i:Ti>) *^So v e r t i c a 1 1 
y al ignment'M(W^7>fXF^fY 

20 ( a ) fcj:a* (b) tc^tc TNfiiSH«^ 

y-xiii 2. y-hwi u 

50 1 4*5£0F7^x^7iH L i 3«rffixfe7U^Sfil 



5 

h U £ X 1 6. Joy-Utl? I 9, fcitfttlRjfgffi l 
5 z Ofw x. Ti 5 - 7 ^ ;i/ £ -fi£« 2 1 £*nr 3 . Pi&qStii 

Ml 7^ffi^nrt^o XAJR7 4)0£ (OT. 

[00 0 4]$/:, IP S530»ll«;iv**;l/*@ 1 3 
?> (a) fccfctf (b) tC^-fo I P Sm&Fn&7jk/<%)l, 

rt^So ctKcfco, mam 7 iz&mtpmxfavnntf 

[0 0 0 5] ±I2<DTNS!t>^0FI PS»ip s pI^^ 
[0 0 0 6] JUffiftAffiTtt, WSOIOT*BlTTafa 

/^*;Hc«»*t«*ttA Lfcft, **Ptf*aAPlc8* 
[0 0 0 7] SSTfcTtt* ±ffiJC^^— 

lit ±B5ictt^s/yy5;*D««*r»*irF*ti 
[0 0 0 8] ft*. /Uwwc&^Tte, ±eoiU&A 

mgkttw<D&Amcmx Ltd* >&?mfa s fct* ® n 
^x^tir^So ttAPWifitctt, is-)imcm 
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[000 9] Zfz, 7$T47vhV27>mV3b2>TU 

pss^wit mmmm. n®nm. v-xkl y 
**> ^taausff »« * tittts^'iis Ante & a* t * a 

C00 10JTNS, OCBSf^iST'ttfflniS 

[001 1] ^cr-> m&mfc**>fe^MVatfmA? 

Z><r>*m<:tztb, *fcSALfc^PM%%|»^5fc46tc 
^S^S^lilg^^nTV^o »B¥7-l 7 5 0 7 
3^£tf8£tt v ttAP5fi«l-^l€1*©«tt«:E!irs* 

n^i&^mmmxt zom <• c t * l 

r> r?SB B a^AP^ifiogM(c6gfbr^^-^A^^ 

40 ffiSStf&SttT^So 

[0 0 12] W6-1 1 0 06 4^1:^ &Fb 

[0 0 13] 

50 ^r^-rstOT'feD, aAA^tcjeiSLfc^A^^ 
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[00 14] 

fc*<o¥«] m&mz& 
Mft£ffl»LraAA7 

nfc mi. * <t &rr B n <c tag *hpjjdt * 

[oo i r>] KSttAiSicfevvoi, £Aaott&K£ 
OffSStf /J>2 < & o TSuItf 51 < & § k k t 

sa^j£3=-rsfc^ ffin*#steH**cktf-e£ 

[0 0 16] ^^S^HoatA^gft^-tiSfcft^ 

0, i nimJCLb-C**. Sfc*S«** ■» 

[0 0 17] %&AUi, 7U^^l3*tWl»«0'> 

#7* mj vy77^\ «s»*a, bum& ^y^>" 

7-7^;U££Mfc£b-tf£. 0 

[0018] ru^a«fcjBi5S-rs«^tcti, 0jx.tf» 
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[0 0 19] HTF&tc^Ttt. BTFLfc 
[0 0 2 0] £fc> i*7*:4i;<*H*5BB«>-okL 

ffi«u ^m^ra-r*, gessoes -M/*** 

[0021] «*flBi^nr^fc««*fcM:aBi«a)x 
alt, se/i^i&ss^nfcffimfcisttetifc^iea 

[0 0 2 2] ££lC. ^£SPt, ^H B aMtC^Sn^^^ 

«{t*-*>* £?L«#7*, #?LH'>U3y 
[0 0 2 3] ^»ci:^^^>f4T^^mm^^ 

[0 0 2 4] ±KOJ:9«£3*fi«* , K«^l*»^*^* 

*caa^tifc^toaaa%H-5ie8ai*»*Ts<i tic 

^g|5* i^^ $ tiE«*^ L T«« k miOt S C k 

so *«c-<*>ttT«**i»A+*iik««T#-6. mmt 
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[oo2 5] ^t$<o&mcma*?$iiT^(D%mffi* 

1 timcommc, L < 0 . Olfim 

i:^^^nfc^<c^fei£D^tcJ: oTB&tZc t 

[0026] ^B/jtcu, *v-f^ si^m 

l^C£tfT*t£<, StgHfiS-££#£ (ve r t i c 
ally alignment) fcSMff 
(i n — pi a n e — swi c h i ng) ©t^ti<Djf(l 

[0027] gfc, mm^tLr 3m^*^T? 

Ts 2« : ?K : FOM IMCMetal-Insulat 
or-Met a 1 ) , ZnO^'JX^S i Nx^ 
-h\ a-S i y**-Ktt£*JB^fc«a*^/<iM/ 

[0028] *ftmz&M®fg&m***Mcm^zt& 

[0 0 2 9] *5293<0?R^^/^;l/<DSigSffiTtt. 

[0030] *^o«©*fi*Kv^i/oKiaD6rtt-p 
WHS* o tKi^ttE^nfftann-r***, tt«v«w 

[003 1] 



[003 2] I > *Sfe»flyTtt, 

5te»WO«ift**/^>I/*Rll<D (a) fc^tf (b) fC 
^"To 01 (b) \zjji?£o\z, ttAS4E2tt, SAP 
1 0H3mmOMt*?3 /imT**5ft<6mrn<D36g 
»6«TT5o ^e»6tt, «fp]gfe2cD±tc^^-7 
-<;U* (Hi?**) «r»flttSRte, tnfcBttW* 

[0 0 3 3] *3lJ60!lT*U\ ^fi»6^TS^S« 

an&tc. fnfn»it^=F (s e i 9 9 2 : a 
mt^xrn (*) asi) ««u ^tw-c^csot 

T- I #Syfi&Lfc&, 2 2 OtT l BMBSWratTsKy 

[0 0 3 4] M^n^U^^liC 

J»LTfilMB*»fc*, a«l*5J:tf2**«Lfc 0 * 
v/-;M* (Xh7^ K : Z^affft* (ft) 
30 IS!) 3£. Hi ia) lL7TstX?lC, 0t1*6 

fco ^fc> y-/l/W:ii7^tLT5. O/xni0 
^7X77^^ (Q«in? (*) H^fr-f) 
^^^^CftiA?^:. %^X\ *A**+yT&et& 

S5. 0|im(?)» (x^-GP-HC: («) 

[0 0 3 5] WWlll ^«fS]g^2i:^mM 

1 5 0 , CT'2Q|F^D^*r^CtT->-;I/W3^ft;$ 
^ »6tifcSS/«*A/te»a*f» CM 

T 5 0 8 7 : *v V (80 £0 *S^aAJ56(cj; DSA 
L/"c«> t^t>^. MJEI?®^TT^^;KO?iAQ 1 0 

zmfktimic&i&'$itrc'&. %m9L%%mcmtc tic 

«fc0«^t*S*/^;Urt»caAUrc o ^n B R^I4^aAL 
T?«H B H^7^ffML^, ^AHl 0ic^PW4^LT 

K (I*) S) ^^ADl O^^^L, Tt^rl OmW 
50 /cm , -e5»IH!SS»LT«Pt*4*«fl:?^ 0 



11 

[0036] 24k i t$&xf2 <ottmic*ti?tmy&& 

(NPF-HEG 1 4 2 5 DU : Bifc?5X (**) 8) * 
CO 0 3 7) Sfc, {JH*T®2<D (a) fcitf (b) (C 

hfc/**/b*B»£-&fci:c:5 v SAP i oflUco^^ 

*;I/*^S/'i-;KkL, SttOBlMttlk (6 0Hz) 
£ 0 t>{£^MJi&& (flRtf 10Hz) T*ffi»£tf fclg£ 

[0 0 3 8] fcfc, ^3 (b) K^T*?^ ^£g{i6 
*1 fe«fctf 2tef-tl^Ftl«tB»8feJ:tf6*BltTt»«l: 

ap 6 *m®mi ka l j; ? t -r * & n 

[003 9] 2 > 1 <D® 

£«TSo 

[004 0] fcS*A* ±EO* 3 

C0 0 4 1 ] <*fi£M3> **4Sfl|?tt % ASttAttte 
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«H«l«J:rf2©jE-n6fcBiaifc:S/<*>l/©ttAPl o 

«3tii5B#icj«^nfctiO-cfeoT, aaswi «5<tt; 
2 ©itt*s/<*/wc*jtt ti e t ^a<o«Mg**rr 

So 

[0042] *m&mvit*c>tc s tmammcnm-b 
s) *jwssw-tv*. uo>P3tt«gaeswi % as** 

4. 0|imT«20/imm ttflS&gSBfcL ft 
10 API OfcftLfcSitfA. ««^fc»Lfc««B43J:tf 

^LTi^o ««A"Cttiifii*u:ffl^t"«aiWc» 

ifi-J< fcffio'CJ: OffifcEStnvSo lES/nttWcE 
Stifctttt^BSH;!;. »A*t«oaAB3Ft»Affitt** 

*<u *etiiA?ti^»At«»^«tt8«c3i-r 

ffi®Bts&xfm%,c*mmz>o ante**). &xmz 
iniJitch^^rL j f»r<-r5o 

[0 0 4 3] #Jb\ ^^8lCt9U^-o<DfJ^ 

CO 0 4 4] tt«^gPtt. fcfcaLtf, ±12^ffi^JO^ 
-tZo ms<D (a) ioia' (b) tc^TJ;9fc:> 

CO 0 4 5] *7-7^b«2tt BfgfflJ^LT© 
T(D777^7h^Xl 6 43«fctf8raft«fi«gl 5 

T% 7W««i±©@*f|ftfcH|fi]t5j:3(£:E*ti 
[0 0 4 6] **ttiNottAS^^;l/tt. fc^AtfW 

50 *g«<D»igffifcLfctfoT, 7^7XS90-*Mc 
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m&±rjn<D-£i7-yj fr? 1 9^, y^^h 

V-NN 7 0 0 : J SK (#0 H) *fflt*T, *7~7 
-r;l>*SK2±fc:, xtfva-hfcfccfcDRJSfffcJ:* 

7 £&K3gfiff I 8 *Bj«L J: 9 fcTS«ST<D#£Bft 

rt7-7^;b£g&2£x^y^-f £c£ 

mt, yjvtlYVZT, 1 6(0« (2 5jim) <fcD/.h 
[0 0 4 7] J:IE^cfc7JCLT^t ( n/cA7-7-<;l/^ 

7 OlCOMigteO+lcAtU 1 2 0B#f?3£#j2 

[0048] 4 > * £j5£f9J 3 

B&a^*;Wc. ?f>lc, ® B B B /I2{c{IAL*:^;*yf£ 
W**Bfe£"rs«ftl€:f»r^-L/£:«l*COV^TttW+«. 
*^ftMT(i, ISSfiW3T*ffli>ft*«fktt«flgti:, 
^;I/«fi»Lfcttft7^E-CrAO«tfc^*SMi)[«^T 

^n^Ati, Wffi-^^r;l/7>:SiB[t«»Lfc»ft7;l/^ 

2 3 0TT&{fc£«ti\ 
***7CLTf»fc. ^7i^--)A«N a ft£<D*f 

tiT»k7;l/5-'!>A«««ffffl«:»K'r* 0 Lfctf^ 
Tv ttft£S»l 8M\ S/<^iciSALJ:?^'r«S 

3 0 LfctfoT, lli*IH3eD«fi£*/<*;UfcJt^TJ: 
f?a*»tc*^fi*fi»r §C fc#T«. 
[0 0 4 9] <$ttM5> **JSfflTUu BTKlcJ:!) 
ft«T ^/Mco^TlWWrs. *3ttgWTO, 

09 (a) £a;*J:3fc, ^7-7^^^12(0, 

** ft t ssst* n*«5 t t a a* l ft nf&QW& 

A, BfccfcOfCfc. ****** *ffitt?S«SBB«i 
8eMl/co ^ B s oW*4«T(i®^#0¥f^3 c m 

£&i$l 8£ffML/c 0 i«A*i^@(0*gtf6c 
m«Blc(t ^ftf'ft3i®^(co^ HSOM^Ttt 
«£S»1 8£JBfiEU ***HW«0¥8#9 cm 
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*lc 1 «<OflJ£T*tttt^$ 1 8^JB^Lfc 0 Tft-b 
tt^^l 8<OEiE8&fi£*\ +i>ttMTBfciS 
<, «.«ctr<fc:LfctfoTB»«ttt<4«J:3fc, tt 
ttS6Sapi 8**7-7 Y;U£S«2±fc:EiaLfco * 
43V*-r*iOtt«86B» I 8fc, H9 (b) tea??*? 

[0 0 5 0] *7-7*d/£S«2±lcfiae2*fc«ll 

tt«<DjJH»tcB«i|4li:LT<oa«3Sie01 8*WJ*C 

£lC<fcoT. ftRASffl 8 <DmmT*m.i*Mn<owtt 

^*^tt^i«^tt B H B ««*T?»;»-r*fca«), **** 
#»m**s. 

[0 0 51] a^jSW'CttttTfcSW-.kdftaTtttJ: 
oT*^<*A*ffl»Lfc. **M3tPtt<D* 
20 BHfctt*B*JHi>T±SB0 <fc "3 &e«?5«e» 1 8 »f£ 

±^fciii5ij{cE?tirc3*og5T->y>^G, salt 

ft*[!9 (a) T^iPflic^r3oe03fiR©*iDJ*(tlRl 
tfT****iKT-f*o & B B B #tt*;^-7^ 

&2**:7U'fSfli«. I 0mm(Dr«t,ot^7- 
7-r^«E2fc«*»-r*J:d£LT, 2tel»7 
30 ^/yhfciiLfc'fT^o ft^WWEL 
T, 2tt(0SS*ft!i0^-ti:S o 
[0 0 5 2] W±OJ:3*cLTl»6*ifc**»5;^*;l/ 
*\ &K£S»] 8«i*fti*««0«fi*^*;t/fc 

ac t^m^fco 

[00 5 3] Olttffil 6 > ^^Jtel^JTti. ttXttfHB* 

ffl^T^ B B B i^o^^>i±^^«ij^^{c^-r^^ 
40 ffi<OM*COV^Tg»^'r«»o ***tf*D«a«»/<*^* 
01 0^ (a) JJJ:^ (b) lc^T„ ^MCT0^ B B B ^ 
EIio (b) \C7r.T£5fc. ttv-yj 
;l/^S«2tStt6ftfctt«^gBi 8*^ HABSi 
5fc«M9fc«tt<*tiTlr*4. C(OM»i 
8(4. 5S«0(c»tt^tlT^^« 
[00 5 4] ±E©»»BSv<*X/C4, WTOSftfCct 

JB (tyh7-NN70 0 :JSR (ft) B) JC*-# 
50 LT»6tlfc^-Xh*ffl^T, WlRlStS 
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vrnzmfc-tZo 7»;^-*©aL %}^nftm<oo^ 

[0055] 26{c. ^-yye^?e^LTt$^ 
Earn 8^®**n«o cct\ 8MoaoaK*»wt 

£ c ic J: o Ttt«*fi»OWt«ll*MW+* c £ tfi 

6<Di (2 5/im) A9'>&ir»2 0pmfiTF2:Ut. 
[0 0 5 6] O^T\ ttfittCl 5©±te*5-7-f/U 

7w 2 £f§5 0 A7-7^;^li2fc^6^ 

*Jl/*fElW*. CCT\ Hi 0 (b) fcS*«fc-5K* 

JfcBLTIBKfcSJ^fcLfco fttt^BIH 8^»*tt 
■e^SfcA6, 7U^@&1 fc*-5-7-f/l/*S«2*:<D 

7 ^ ;i/ * 2 cd$ u, ^t>-w«**afc-r S C t T* 

[0 0 5 7] ft £flfc'<*/l/&7 OTOffiilHQiftcA 

*>\ tt#SEg»l 8*\ EfRlRl 7*»«Lfc&fc:«> 
[0 0 5 8] <»ttffd7> *H»0«TfcL t*>&S»S 

£ 0 **«6M<oi«a^^;^® i io (a) fccfctf 
(b) fC^To C©/**;Ui* ^fc>tf>£ I PS^o 

g]±tcStte>nrv^o jurats not, y-ns 

So C(0ligM2 Oti, HRfKB I 4 fc«iW9fc« 
[0 0 5 9] 73^-7^U£gM2(C^ %tm\ 
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ttflgSESBl 8iWBJ*SttT^3. C^tttt^iftl 8 
7UYS«i<D8«gMR2 0lciStt£nfc 

[0 0 6 0] ±I£<07W^*£!*><fcD*;*J7-7^ 

10 nn^o ccr-y-hSSi nc(i, ^f(u^w7 

[0061] »&tifc*a*^«A/*7 ortoiiig^i 
o*txn, 1 2 omrmih'imrz&s ^mm^^ 

20 [0 0 6 2] CH»iJ8> **J6Wrtt, jftS+©^* 

£KiP8&«&ttfc7UW r g«*fll^5o 
[0 0 6 3] llilSffil4T*ffll^fct(Dfc[s|jB|iO^-y-5r;HS 

~XF»T, 7Wli nc»tt6tlfcliaPSP2 0 
a EflJST 5 * ^ - 7 ^ /I/ 2 ±OffififfKtttt^g 

jgffil 8**««*nfc*7-7-r/U^WE2«:ffl^T» 

twi«tis>f*ytt^tt»«rttasa2»i swot 
[0 0 6 4] »6n/£«aa^u;u«:. 7 or 

[0 0 6 5] <XN0J9> fk*«ft«fc 

<fc-7T, ^p a H ^co>r^>^T^«^ts^a^j^ 
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